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Specifications /24 

1. Title of the Invention 

Demodulation circuit 

2 . Claims 

1. A demodulation circuit comprised of a demodulation circuit 
wherein the primary and secondary modulation signals (SI, S2) are 
received from the transmission side (SND) modulated by the primary and 
secondary intermediate frequency (fiFi, fiF2) / and demodulation is 
conducted using the primary and secondary playback carrier waves (fci, 
fc2) ; and the primary and secondary demodulation data (DTI, DT2) from 
the primary and secondary demodulation part (11, 21) as well as their 
demodulated primary and secondary demodulation signals (Sll, S21) is 
divided into primary and secondary systems (10, 2 0) that have primary 
and secondary main identification parts (12, 22) for playback; 

wherein there is a frequency variance detector (31) that detects 
the variance in frequency (Af) between the primary and secondary 
playback carrier frequencies (fci, fc2) ; 

wherein the aforementioned primary system (10) is equipped with a 
primary auxiliary identification part (13) that digitally converts the 
secondary demodulation signals (S21) from the secondary demodulation 
part (21) using the synchronized clock (CKl) into primary playback 
carrier waves (fci) ; a primary compensation part (14) that compensates 
according to the variance in frequency (Af) relative to the primary 
auxiliary identification signals (S13) from the primary auxiliary 
identification part (13) ; and a primary addition part (15) that adds 
the output of the primary compensation part (14) to the primary 
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demodulation data (DTI) and removes the primary system (10) 
interference from the secondary system (20) ; and 

wherein the aforementioned secondary system (20) is equipped with 
a secondary auxiliary identification part (23) that digitally converts 
the primary demodulation signals (Sll) from the primary demodulation 
part (11) using the synchronized clock (CK2) into secondary playback 
carrier waves (fc2) ; a secondary compensation part (24) that 
compensates according to the variance in frequency (Af) relative to 
the secondary auxiliary identification signals (S23) from the 
secondary auxiliary identification part (23) ; and a secondary addition 
part (25) that adds the output of the secondary compensation part (24) 
to the secondary demodulation data (DT2) and removes the secondary 
system (20) interference from the primary system (10) . 

3. Detailed Explanation of the Invention /244 
[Summary] 

This relates to a demodulation circuit comprised of a 
demodulation circuit wherein the primary and secondary modulation 
signals are received from the transmission side modulated by the 
primary and secondary intermediate frequency, and demodulation is 
conducted using the primary and secondary playback carrier waves; and 
the primary and secondary demodulation data from the primary and 
secondary demodulation part as well as their demodulated primary and 
secondary demodulation signals is divided into primary and secondary 
systems that have primary and secondary main identification parts for 
playback. 

The objective is to present a demodulation circuit that can be 
digitized, and has a simple structure. 
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This structure is comprised of a frequency variance detector that 
detects the variance in frequency between the primary and secondary 
playback carrier frequencies; wherein the aforementioned primary 
system is equipped with a primary auxiliary identification part that 
digitally converts the secondary demodulation signals from the 
secondary demodulation part using the synchronized clock into primary 
playback carrier waves; a primary compensation part that compensates 
according to the variance in frequency relative to the primary 
auxiliary identification signals from the primary auxiliary 
identification part; and a primary addition part that adds the output 
of the primary compensation part to the primary demodulation data and 
removes the primary system interference from the secondary system; and 
wherein the aforementioned secondary system is equipped with a 
secondary auxiliary identification part that digitally converts the 
primary demodulation signals from the primary demodulation part using 
the synchronized clock into secondary playback carrier waves; a 
secondary compensation part that compensates according to the variance 
in frequency relative to the secondary auxiliary identification 
signals from the secondary auxiliary identification part; and a 
secondary addition part that adds the output of the secondary 
compensation part to the secondary demodulation data and removes the 
secondary system interference from the primary system, 
[Industrial Field of the Invention] 

This invention relates to a demodulation circuit for 
classification into a primary system that has primary modulation 
signals received from the transmission side modulated by the primary 
intermediate frequency, and demodulation conducted using the primary 
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playback carrier waves; and a primary main identification part for 
playback of primary data from the primary demodulation part and their 
demodulated primary demodulation signals; as well as a secondary 
system that has secondary modulation signals received from the 
transmission side modulated by the secondary intermediate frequency, 
and demodulation conducted using the secondary playback carrier waves; 
and a secondary main identification part for playback of secondary 
data from the secondary demodulation part and their demodulated 
secondary demodulation signals. 

There have been many methods tested to increase the efficiency of 
frequencies used for digital wireless transmission systems such as the 
multi-level QAM. One method is to add QAM multi-level numbers such as 
4>8>16.... Another method is to transmit by separating into primary 
systems and secondary systems. This invention is based on the latter 
method. For example, the primary system utilizes V (vertical) 
polarization while the secondary system utilizes H (horizontal) 
polarization, to form co-channel transmission. A different format 
utilizes either V or H polarization. With a primary frequency band as 
the primary system and a secondary frequency band as the secondary 
system, one of these primary and secondary frequency bands is a high 
frequency band while the other is a low frequency band. With either of 
these, the primary system and secondary system are both comprised of 
an I (In-phase) channel and a Q (quadrature) channel. The following 
description gives examples for co-channel transmission of V and H 
polarized waves for the primary and secondary systems. 
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[Existing Art] 

This co-channel transmission is subject to problems with 
interference between the primary and secondary systems, specifically 
with V polarized wave interference on H polarized waves and H 
polarized wave interference on V polarized waves. This interference 
can increase rapidly due to fading, which increases the rate of data 
transmission errors. 

A mechanism is necessary to eliminate the interference from one 
system to the other. Interference elimination mechanisms available at 
the present time include a mechanism for local synchronization and a 
mechanism for local asynchronization. The former involves a mechanism 
for local synchronization that transmits local signals converted from 
one system (change in frequency) to another system. Both systems 
require the local signals to be consistent. In other words, if the /245 
local signals of one system are abnormally generated, this is promptly 
relayed to the other system and causes the system to go down. This 
compromises the reliability of the system. There are none of these 
problems in this invention, as it involves the latter, a mechanism for 
local asynchronization. 
[Problems this Invention is to Solve] 

To eliminate interference using a local asynchronization format, 
this invention involves an auxiliary secondary system for the primary 
demodulation part and an auxiliary secondary system for the secondary 
demodulation part. Each auxiliary demodulation part (demodulation 
parts generally based on existing demodulation parts) demodulates 
signals received from the other side. The output of these auxiliary 
demodulation parts is input to the auxiliary identification part , where 
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compensation signals are generated to eliminate interference. However, 
with this method, there is a significant amount of hardware for the 
demodulation part so there is a problem in that the demodulation 
circuit cannot be made compact. Also, the demodulation part is 
typically constructed of a diode mixer so there is an increase in the 
amount of analog parts and then problems arise with the LSI 
demodulation circuit. 

The objective of this invention is to present a demodulation 
circuit that can be digitized, and has a simple structure. 
[Means of Solving these Problems] 

Figure 1 shows the principle structure of demodulation circuit 
relating to this invention. In this figure, the demodulation circuit 
3 0 is divided into the primary system 10 (top half) and the secondary 
system (bottom half) , With co-channel transmission, the primary system 
10 is a V polarized wave system while the secondary system 20 is an H 
polarized wave system. The original DATAl is converted to primary 
demodulated signals SI by the primary modulator MODI in the primary 
intermediate frequency fipi on the transmission side SND and then 
applied to the primary system 10 of the demodulation circuit 30 on the 
receiving side. In this same manner, the original DATA2 is converted 
to secondary demodulated signals S2 by the secondary modulator M0D2 in 
the secondary intermediate frequency fiF2 on the transmission side SND 
and then applied to the secondary system 20 of the demodulation 
circuit 3 0 on the receiving side. 

First, the frequency variance detector 31 is installed inside the 
demodulation circuit 30. The frequency variance is the difference 
between the primary playback carrier waves fd of the primary and 
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secondary systems 10/ 2 0 and the secondary playback carrier waves fc2 
(Af ) . Existing methods are used to playback these carrier frequencies 
so the figure has been abbreviated. There is a primary demodulation 
part (DEM) 11 for the primary system 10 and the demodulated primary 
demodulation signal Sll is applied to the primary main identification 
part (A/D) . The identification part 12 is A/D (Analog/Digital) 
compatible so the primary demodulation data DTI is generated. 

The structure of this primary system 10 is identical to the 
secondary system 20, with a secondary demodulation part 21 that 
outputs the secondary demodulation signals S21 and a secondary main 
identification part 22 that generates the secondary demodulation data 
DT2 - The primary and secondary main identification parts 12, 22 
conduct the identification operation on the primary and secondary 
clocks CKl, CK2 . These clocks are synchronized to the DATAl , DATA2 . 
There are clock playback parts (BTR: Bit Timing Recovery) 16, 26 that 
are commonly known. 

The special structures in this invention include the primary 
auxiliary identification part 13 that digitally converts the secondary 
demodulation signals S21 from the secondary demodulation part 21 using 
the synchronized clock CKl; the primary compensation part 14 that 
compensates according to the variance in frequency Af relative to the 
primary auxiliary identification signals S13 from this output; and the 
primary addition part 15 that adds the output of the primary 
compensation part 14 to the primary demodulation data DTI. 

The aforementioned structure is identical for the secondary 
system 20. There is a secondary auxiliary identification part 23 that 
identifies the primary demodulation signals Sll from another system. 
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a secondary compensation part 24 that compensates according to the 
variance in frequency Af relative to these secondary auxiliary 
identification signals S23 and an addition part 25 that adds the 
compensation output to the secondary modulation data DT2 from the 
secondary auxiliary identification part 23. The addition part 15 and 
25 output is subject to specific processing (not shown in the figures) 
to obtain the playback DATAl and DATA2 . 

[Operation] /246 

To eliminate the interference of the secondary system 20 on the 
primary system 10/ the demodulation signals on the secondary system 
20, specifically the secondary demodulation signals S21/ are 
introduced to the primary system 10 and the demodulation data of the 
secondary demodulation signals S21 is obtained as S13 via the primary 
main identification part 12 and the other primary auxiliary 
identification part 13 - This demodulation data S13 is obtained by the 
clock CKl in the primary system 10, included in future demodulation 
data DTI and is equivalent to the interference from the secondary 
system 20. In reality, this interference (including the DTI) is 
perfectly uniform with the primary demodulation data S13 . The 
secondary demodulation signals S21 from the secondary system 20 input 
to the primary auxiliary identification part 13 are demodulated as 
secondary system 20 playback carrier waves fci, fc2- Generally, the 
frequency of the primary and secondary playback carrier waves fci, fc2 
are not perfectly uniform. A variance of several hundred Hz cannot be 
avoided. This is the aforementioned frequency variance (Af ) . 

With this frequency variance (Af ) , the primary auxiliary 
identification signals S13 shown on the secondary system 20 
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coordinates are converted to primary auxiliary identification 
signals, namely compensation. signals shown on the primary system 10 
coordinates. This coordinate conversion is performed on the primary 
compensation part 14 and the interference from the secondary system 
added to the primary demodulation data DTI via the primary addition 
part 15 is eliminated. Here, coordinates refers to the coordinates of 
the intersecting I channel and Q channel. 

The above structure is applied to the secondary system 20 in the 
same manner . 

There is none of the increase in demodulation part hardware 
mentioned earlier and the demodulation circuit can be easily made into 
an integrated circuit. This is because the auxiliary identification 
parts 13/ 23/ compensation parts 14, 24, and addition parts 15, 25 are 
all constructed using simple logic circuits. 

[Embodiment Examples] 

Figure 2 shows one example of the transmission side in Fig. 1. 
There are no special features of this invention on the transmission 
side SND. In the figure, the original data DATAl, DATA2 and modulator 

(MODI, M0D2) are as stated earlier. The signals from the modulator are 
transmitted from the antenna ANT to the receiver via the IF 

(intermediate frequency) > microwave (jj-waves) converter and high 
output amplifier (HPA) after conversion (local signals fsi, fs2) . MODI 
and M0D2 are processed as I channel and Q channel signals. 

Figure 3 shows a detailed example of the demodulation circuit 
relating to this invention. After the modulated signals (SI, S2 in Fig. 
2) received by the antenna ANT were applied to the low noise amp (LNA) 
41, 51, they became intermediate frequency signals after conversion 
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(local signal fs) by the y-IF converter 41, 52. The rest of this 
structure is basically the same as that found in Fig. 1. This 
embodiment example is shown using the V polarized wave and H polarized 
wave systems as the primary and secondary systems (10, 20) . 

The primary compensation part (COM) 14 shown in the demodulation 
circuit 30 is shown as the coordinate rotator (ROT) 44/ 45 in Fig. 3. 
The secondary compensation part 24 is also shown as ROT 54, 55. 
Specific examples of the ROT follow. 

There are INC (interference noise canceller) 45, 55 installed at 
each stage of the ROT 44, 54 and inputs made via these to the addition 
part 15. The structure of these INC is nearly identical to the 
standard transversal unit. The transversal unit is inserted between 
the main identification part (A/D) 12, 22 and the addition part 15, 25 
as the EQL 43, 53 in Fig. 3. 

Figure 4 shows a specific example of frequency variance detector 
in the demodulation circuit. The frequency variance detector 31 
detects the frequency variance Af of the playback carrier waves fci, 
fc2 and inputs this into the coordinate rotator (ROT) 44, 45 in a form 
suitable for the circuit in the next stage, such as sin9 signals and 
cos9 signals. The sinG and cos9 are generated by the ROM 71, 72 and 
the up/down (U/D) counter 70 that outputs the address for accessing /247 
the memory. The memory 71, 72 and counter 70 form a so-called infinite 
converter . 

The frequency variance Af of the aforementioned fci, fc2 is output 
as the mixer 64 beat signal and after conversion to a digital signal 
using the CMP 65, is applied to the clock terminal CLK on the counter 
70 via the forwarder (66, 67, 68) . Symbol 66 is the f requency>voltage 
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converter, 67 is the P-magnitude multiplier and 68 is the V>f 
converter. The forwarder determines if the Af is several hundred Hz 
and used for enhancing the resolution. If P reaches m on the counter 
70, (m bit counter) , P=2'". 

The amount of rotation in the coordinate system that corresponds 
to the changes in frequency variance Af is output as sinG signals and 
cos9 signals. In this case, clockwise or counterclockwise rotation of 
this coordinate system must be determined and the comparator CMP 63 
output is applied to the counter 70 up/down (U/D) control input. The 
comparator 63 compares the size of the playback carrier waves fci, fc2/ 
and is equipped with a V polarized wave demultiplier (l/n)611 and f/V 
converter 621. There is a circuit element 612, 622 to handle the H 
polarized waves. For example, if fci>fc2/ the U/D counter 70 increases 
while if fci<fc2, the U/D counter 70 decreases. 

Figure 5 shows a specific example of the coordinate rotator. The 
coordinate rotator (ROT) 44 (54) has the same structure for the V 
polarized wave unit (44) and the H polarized wave unit (54) . Thus, 
with V polarized waves, the main identification part (A/D) 12 receives 
primary demodulation signals Sll and clock CKl and generates 
demodulation data (DTI in Fig. 3) . Signals Sll include I channel and Q 
channel signals. These signals Sll are designated using coordinates 
(x,y). These signals Sll are converted to signals with new coordinates 
(X,Y) by rotating only 9 to compensate for the frequency variance Af- 
The conversion formula is: 

X= X cos 9 + y sin 9 

Y=-x sin 9 + Y cos 9 
Here, cos 9, sin 9 are supplied by the frequency variance detector 31 
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in Fig. 4. In Fig. 5, M is the multiplier, A is the adder and S is the 
subtracter. 

Figure 6 shows the general format for the transversal filter. The 
basic structure of the interference noise canceller 45 (55) in Fig. 5 
shows the X side (the Y side is identical). In Fig. 6, wl, s2 , w3...wn 
are tap coefficients, multiplied by input X via each multiplier M. 
These totals are output by the adder (S) , The tap coefficients wl, 
w2 . . . . are obtained while generating the DATAl and DATA2 on the right 
side (receiving side) of Fig. 1 and determine the basis for the so- 
called error signals and polarity signals. 

Figure 7 shows when the input steps for the circuit in Fig. 3 are 
different, where the local signals fni, fR2 are separated for the down 
converter (42, 52) (in Fig. 3, one fR is used for both systems) . Here, 
since are fni and fR2 are separate, there is an extremely small 
probability of both systems being down simultaneously so the 
reliability is excellent. Since one fR is used for both systems in Fig. 
3, both systems can be down simultaneously due to fR errors. 

With the configuration in Fig. 7, the aforementioned frequency 
variance Af and the frequency variance Af ' of fRi, fR2 must be taken 
into consideration. In this case, it is necessary to add a frequency 
variance detector to the structure in Fig. 4. 

Figure 8 shows another specific example of a frequency variance 
detector in the demodulation circuit. This detector 81 includes the 
frequency variance Af of fRi, fR2 from Fig. 7 with the detector 31 in 
Fig. 4. The circuit elements corresponding to circuit elements 611, 
621, 612, 622, 63 in Fig. 4 are 611', 621', 612', 622', 63' for the 
fRi, fR2. The adder 82 takes the sum of the comparison results (the size 
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of the polarity) from the comparator 63/ 63' . The circuit elements 
corresponding to circuit elements 64 in Fig. 4 are 64' for fni, fR2- 
The adder 83 takes the sum of the variance output from the mixer 64/ /248 
64'. The operation is basically the same as that shovm in Fig. 4. 
[Effect of this Invention] 

As clearly shown in the description above, this invention 
realizes a demodulation circuit that corresponds to LSI and one where 
a demodulator (DEM) comprised of large analog parts such as a diode 
mixer can be easily added. 
4 . Brief Description of the Figures 

Figure 1 shows the principle structure of the demodulation 
circuit relating to this invention. Figure 2 shows one example of the 
transmission side in Fig. 1. Figure 3 shows a detailed example of the 
demodulation circuit relating to this invention. Figure 4 shows a 
specific example of a frequency variance detector in the demodulation 
circuit. Figure 5 shows a specific example of a coordinate rotator. 
Figure 6 shows the general format for the transversal filter. Figure 7 
shows when the input steps for the circuit in Fig. 3 are different. 
Figure 8 shows another specific example of a frequency variance 
detector in the demodulation circuit. 
In the figures, 

10... Primary system; 11, 21 ... Modulation part; 

12, 22... Main identification part; 13, 23 .. .Auxiliary identification 
part; 14, 24 ,. .Compensation part; 15, 25 .. .Addition part; 16, 
26... Clock playback part; 20 ... Secondary system; 30 .. .Demodulation 
circuit; 31 ... frequency variance detector. 
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[Figure 1] 

Principle Structure of Demodulation Circuit Relating to This Invention 

10. . .Primary system 

14, 24 ... Compensation circuit 
20 ... Secondary system 

15, 25. . .Addition part 

11, 21. . .Modulation part 

16, 26... Clock playback part 

12, 22... Main identification part 
30 ... Demodulation circuit 

13, 23 .Auxiliary identification part 
31 ... Frequency variance detector 
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[Figure 2] 

One Example of the Transmission Side in Figure 1 
[Figure 3] 

Detailed Example of the Demodulation Circuit Relating to This 
Invention 

[Figure 4] 

Specific Example of the Frequency Variance Detector in the 
Demodulation Circuit 
70 . . . counter 

[Figure 5] 

Specific Example of Coordinate Rotator 
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Figure 8 



18 



[Figure 6] 

General Format for Transversal Filter 
[Figure 7] 

When the Input Steps for the Circuit in Figure 3 are Different 
[Figure 8] 

Another Specific Example of the Frequency Variance Detector in the 
Demodulation Circuit 
7 0 counter 
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